Abstract. The dust evolution simulation provides an important way to analyze the impact of dust on the environment. Dynamic data driven application system framework is applied and dust evolution simulation model based on DDDAS framework is proposed. Compared with the simulation model of dust evolution without DDDAS, the functions of the inputs of real-time data and modification of simulation parameters ensure the improvement of the accuracy of dust evolution simulation. The experimental results show that the dust evolution simulation with DDDAS framework is more precise than the simulation without DDDAS, which proves the effectiveness of the dust evolution simulation system based on dynamic data driven.
Introduction
At present, a lot of work has been done to collect and analyze the data about dust. However, quantitative research on the evolution mechanism of surface dust is not paid attention to. Since the collection of surface dust is not only related to the dust concentration in the air, but also to the position we choose, the speed of wind and the collection interval [1] [2] , the evolution process of surface dust should be studied to reduce its hazards.
The evolution process of surface dust includes sediment, diffusion and re-suspension [3] . A lot of methods or tools can be used in the simulation, such as first principal method (FP), molecular dynamic method (MD), Monte Carlo method (MC), Finite element method (FEM) and so on [4] [5] [6] . The Kinetic Monte Carlo (KMC) related to the MC, has the advantage of simulating in a long period. In addition, KMC is a stochastic process, which makes it fit for evolution simulation of the surface dust particles [7] .In this paper, Dynamic Data Driven Application Systems (DDDAS) is used to realize the estimation of dust concentration.
Surface Dusk Evolution Simulation Model Based on DDDAS Framework
A typical DDDAS usually contains four parts which are related to each other: the user control module, dynamic data receiving module, dynamic calculation module and dynamic visualization module [8] . Certainly, the most important advantage of DDDAS is that the behavior of the system can be predicted more accurately through dynamic data input.
There are two factors that affect the surface dust evolution simulation in the model: the changes of wind speed and the dust real concentration in the air.
The simulation model of surface dust evolution based on DDDAS framework is shown in Figure  1 . 
The Inputs of Real-time Data
Shanghai University is chosen as the simulation district. The campus is 120 meters in width and 470 meters in length. Its 3D model is shown in Figure 2 , and the simulation space we finally choose is 120m*470m*6m in consider that surface dust mainly moves in the height of 0 to 5 meters.
The Collection and Accumulation Input of Surface Dust. For tracking the accumulation change of surface dust, seven collection points in the virtual campus are chosen, which is shown in Figure 2 . All the collection points are on the impermeable and concrete surface. The area of collection points is 0.6m*0.6m. The Inputs of Real-Time Wind Speed. The data of real-time wind speed can be gotten from the weather forecast site. Due to the existence of buildings in campus, the wind speed varies greatly from locations. CFD software can be used to imitate the wind field, and get the imitation result of air movement speed in every unstructured point in the virtual campus. The imitation flow, which is shown as Figure 3 [9] .
Although the data of wind speed can be gained by CFD software, but the computation of the dust evolution needs the wind speed of the position where every dust particles locate. Therefore, the following method is used to compute and input wind speed: 1) Divide the virtual campus by standard grid Since the grids divided in Fluent are small and unstructured. The virtual campus need to be redivided by big and standard gird in order to reduce storage and computation and make interpolation practicable. The virtual campus is divided by standard grid with the basic unit in the size of 10m*10m*3m. That is, the virtual campus consists of 1128 standard grids.
2) Obtain the wind speed of each vertex of standard grid according to Fluent software. The number of unstructured grids divided by CFD software is far greater than that of standard grids, so the wind speed in each vertex of standard grid can be obtained by searching the wind speed in unstructured points that is calculated by CFD software. The data of wind speed in each vertex of standard grid includes six components: three dimensional coordinate and wind speed in three directions.
3) Compute the wind speed of the position where dust particle locates by Interpolation.
Given that the wind speed changes continuously, the wind speed of any point can be computed by two steps: First, locate it in the standard grid in the virtual space, and then compute its wind speed according to the wind speed in each vertex of standard grid by interpolation algorithm.
Simulation Model of Dust Evolution
KMC Method of Dust Evolution. The dust particles move in the simulation process randomly, and three kinds of events occur in the process of movement: sediment, diffusion and re-suspension [1] .
1) The diffusion of surface dust particles When dust particles diffuse in the air, considering drag force, gravitational setting, Saffman lift force and turbulent diffusions in numerical calculation, motion equations of the particle can be written as: Re is drag coefficient and relative Reynolds number respectively. This event mainly deals with dust particles on airflow field, namely, particles move on MC lattice. If particles move with no memory and have equal probability to every direction, the particles' motion can be taken as Monte-Carlo motion. The trajectory of the particles can be obtained as follows: 
Vt is the particle acceleration in each direction at t time step, and they can be calculated by the following formula: v ( ) t is the particle acceleration.
3) The re-suspension of surface dust particles Many researches based on Reynolds Stress considered possible particle re-suspension when the wind speed increases to critical friction velocity. The equation can be obtained as
f is the critical friction velocity, p  is the density of the particle, p d is particle diameter, g is the acceleration of gravity,  is the air density, A is a random coefficient in the range between 0.16 and 0.21.
When the particle is re-suspended,
When particles meet the re-suspension conditions, the fugitive particles have random speed and direction. In this case, wind plays a major role in this process. So when KMC method is used to simulate the re-suspension process, the velocity of re-suspension particles is set to the same value with the friction velocity, which equals to the wind speed of locations where particles are.
Simulation Control. Simulation control can switch the operating state of dust evolution simulation model, release alarm information when the dust concentration exceeds the standard and set parameters which include the concentration of dust particles, the original location of dust and the speedup ratio of simulation model.
The Outputs of Simulation Result
OpenGL is used to visualize the dust evolution in the virtual campus on the VC platform. In order to verify the effectiveness of dust evolution simulation, the simulation results should be outputted and compared with the actual results. The simulation model counts dust accumulation in seven collection areas in a certain time interval. Due to the collection frequency of the experiment is once a day, the simulation data of dust accumulation in one day is recorded.
Modification of Simulation Parameters
As mentioned before, the dust concentration in the air has a direct relationship with dust accumulation in seven collection points. The higher the dust concentration in the air is, the more the dust accumulation is. The initial value of dust concentration in the air is given in the simulation model. If the dust accumulation in the simulation is much less than the experimental result, the dust concentration in the simulation model can be increased a little bit to make the simulation data closer to the experimental result. By comparing the dust accumulation in the simulation with that we get from reality, the concentration of dust particles is adjusted in the simulation model in time, which makes the model more and more precise.
Support that the experimental data of dust accumulated in seven collection points every day are 1 2 7 ,, EJ EJ EJ , the simulation data of dust accumulated in seven collection points every day are 1 2 7 ,,
SJ SJ
SJ , and the adjustment factor is K , K can be calculated as follows: In order to reduce the number of updates, the simulation model does not update the dust concentration if K under the scope [0.9, 1.1].
The Results and Discussion

Experimental Results of Dust Accumulation
According to the records, the northeast wind is the most frequent wind. Therefore, 57 sets of data in the condition of northeast wind are selected as an object of study. The unit of dust accumulation is gram.
Since dust accumulation is affected by multiple factors, including non-rain period, wind speed, location, human's activities, traffic, etc, the average weight of dust accumulation in each location is calculated in order to erase the error caused by the uncertainty factors. The average weight of dust accumulation during the different non-rain periods is shown in Table 1 . 
Comparison of Experimental Results and Simulation Results
In order to verify the effectiveness of dust evolution simulation system based on DDDAS framework, the simulation data with DDDAS of dust accumulation are compared with the experimental data and the simulation data without DDDAS of dust accumulation in seven collection areas, shown in Figure 4 -10. Simulation data without DDDAS can be obtained when the model is prohibited adjust simulation parameters. Figure 4 -10 show that the simulation data with DDDAS is closer to the experimental data than the simulation data without DDDAS. The accumulative error  in each collection area is defined as follows:
i SD is the simulation data of dust accumulated i days, and i ED is the experimental data of dust accumulated i days. Therefore, the smaller the accumulative error is, the higher the accuracy of the simulation is. Table. 2 is the comparison of accumulative error of the simulation data with DDDAS and without DDDAS in seven collection areas. From Table 2 , the accumulative error of the simulation data with DDDAS is obviously smaller than that without DDDAS, which means the dust evolution simulation with DDDAS framework more effectively. 
Conclusion
In order to simulate dust evolution more accurately, a dust evolution simulation system based on dynamic data driven is proposed. DDDAS framework of dust evolution simulation is given, and OpenGL and VC platform are used to realize the simulation system. In the simulation process, the accuracy can be improved by adjusting the parameters of the dust evolution simulation model. By means of the experimental verification, the simulation results coincide with the 7 experimental results, moreover, the dust evolution simulation with DDDAS is more accurate than that without DDDAS. Comparison between experimental data and simulation data shows that the dust evolution simulation system based on dynamic data driven is more exact.
